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INTRODUCTION

Section I of this report represents a continuation

of the survey of infrared reflectance. In particular,

the effect of impurities on the infrared reflectance of

pressed materials is observed. The second section

reports some initial results of an investigation of the

properties of LiF thin film chips. A brief summary of

the activities pursued during this contract is included

at the ezd of the report.

SECTION I

Continuation of the Survey of Infrared Reflectance

The infrared reflectatice of 18 materials was

measured at normal incidence over the wavelength

interval 2-36 microns (Figs. 1-9). This is a

continuation of the survey initiated in the Third

Quarterly Report of 1961. The discussion of the

speotrophotometric reproducibility and resolution in

that report remains vlid for the present data.

Samples of pressed n-terials (Zr02 ,BaTi03 ,Ti02 )

obtalned fron the Titanium Alloy Manufacturing Division

of the National Lead Company made it possible to

examine the effect of the addition of impurities on

Infrared reflectance. Previous measurementa made on

single crystals of CaF2 with concentrations of U up
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to 2.5 percent showed no change in reflectance. The

high levels or doping in thc pressed sampleo did effect

the infrared reflectance. Generally, it was found that

the roeststrahlen reflectance cecroased as the percentage

doping increased.

There are several possible explanations for the

impurity effect. The samples were pressed and a certain

amount of scattering is possible. It is likely that

any such scattering would depend on the impurity

concentration. The impurities also result in new

lattice vibrational modes that might be strong enough

to appreciably change the infrared dispersion of the

material. A third possible explanation is that the

infrared disporsion seems to deiend on crystallite

size (Quarterly Report #1, 1962). It is likely that

crystallite size is strongly influenced by doping.

Only a much more detailed investigation would show

what role these three mechanisms play in changing the

reststrahlen reflectance. it is ,.1iale to make

several tentative observations oven on this incomplete

data. First It is necessary to decide in what way

these mechanlsms would be expected to effect the re-

flectance.

a. Scattering should decrease the reflectance in

both the reststrahlen high reflectance band
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and at shorter wavelengths. Scattering would

be much more pronounced at short wavelengths

dropping off as a high negative power of wave-

length.

b. Impurity vihrational modes would orobably

result in a reflectance change only in a

limited wavelength range near the resonant

frequency of the mode. The dispersion due to

such a mode would generally be very weak, but

it can be shown that the short wavelength edge

of the reststrahlen high refltctance band is

very sensitive to even weak diepersion terms.

c. The effect of small crystallites would be to

enhance anharmonic effects; i.e. to smooth

out the high reflectance tand with little

change at short wavelengths and to nake

combination bands more proao-unoad.

The decrease in reflectance TiO2 (Fig- 3) it short

wavelengths strongly indicates scattering. The har.&

in reflectance of the 9aTiO 3 serieB ° 4) ove" a

large wavelength interval also suggests a scattering

phenomenon. It is possible, though, that crystall.te

size may have some influence in smoothing out the hlPh

reflectance band. The change in reflectance of ZrO2

(Fig. 1 and 2) over only a limited wavelength interval
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at the sensitive short wavelength edge of the high

reflectance band, strongly points to the formation of an

optically active impurity mode. This is not too sur-

prising considering the high percentage of doping.

Naturally, a crystallite sizj efeat Is impossible in

glass and scattering effect; in tho infrared are

improbable. Observation of impurity modes in glass is

also improbable since there are no sensitivo intrinsic

high reflectance hands in the material to accentuate

such modes. Figure 7 shows that glass with impurity

concentrations up to 6 percent shows no measurable

change in infrared reflectance.

The sample of PbS (Fig. 5) was a mineral and the

polished surface was rather porous. The small peak at

9 microns may be de to quartz imp,,ities.



SECTION II

Investigation of the Properties of LIF Thin Film Chips

The meaning of crystallite size in thin films as

determined by, for example; X-ray line broadening or

electron microscopy deserves more clarification. As

described in Section III of the Third Quarter Report an

experiment was devised to contribute to the solution of

this problem. If the crystallite size in a thin film

is restricted by the thickness dimension of the film it

could be expected that optical measurements of film

thickness should correlate with that part of the X-ray

line broadening due to crystallite size. In this way

we might be able to differentiate between aize and

dtrain broadening. Specifically, it was intended to

use a sufficiently high substrate temperature for LiF

films so that the crystallite size (at least as

measured for thick LiP films) would greatly exceed the

film thickness. Thus LiF films deposited at 3000C

appear to have a crystallite size of the order of

15,OOOA. If such films were waaiu oa2y 500A thick it

might be expected that X-ray line broadening would

yield this thickness, if there were no strain broaden-

Ing. The existence of a simple correlation between

optical thickness measurements and X-ray broadening in

a thin film assumes that crystallite size is



independent of film thickness under the above conditions

In view of a remark by L.G. Schulz (J. Chem.Phys., 17,

n153-1162, 1949) this may not be the case. He states

that the relation between crystallibe size and film

thickness, for LiF film deposited aL room temoerature,

is a nearly linear one. In a 500A thick film he found

a crystallite size of 50A.

Despite this corplication the experiment was

begun.What information it would yield, and some

preliminary results are noted in the following. Films

of LiF thin enough to artifically restrict crystallite

size to dimensions amendable to X-ray line broadening

determinations are too thin to give a satisfaotory

response on the diffractometer. Accordingly the films

are made to the desired thickness And removed from the

glass substrate as smqll flakes or chips. This

material is then compacted to a depth sufficient for

the X-ray work.

In order to obtain a large number or chips in a

single evaporation, a large -R is needed.

The substrate used in this experiment is a hemispheri-

cal glass bcne eeven inches in diameter. The source

was plpced in a posJlAon that gave a uniform coating

over the entire hemisphere. The substrate temperature

could be varied from 25-3000C.
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To facilitate the removal of the LIF, a thin

layer (500-1000A) of zinc sulfide was evaporated first.

The zinc sulfide was fired from a howitzer at a

pressure of 10_1 Torr.

First a Reries of LiF films with an optical

thickness of 0.6y was made at various substrate

temperatures. The LIF was fired from a tantal-nu boat

at an average pressure of 5xlO "5 Torr. It was found

that at high temperatures (2C0-300 °C) the films could

not be removed fror the substrate. The thicker the

film, howavor, the more readily it could be removed.

The procedure for removing the film was to wash the

substrate with water and/or acotone, collecting the

chips in a filter paper. In view of the difficulties

with these very thin chips some wwk w.th thicker ones

was interjected.

A series of 8p thick chips was nAde at 2, 3 , and

270 0 C. These will be sedimented onto a neu substrate

and the X-ray diffraction pattern and reststrahlen w1ll

be measured and compared with the sF--,. mousur~ments of

the original films. Some chips have been sedimanted

onto glass and the X-ray diffraoticn patterns shou that

the chips have the same preferred orientation as the

original films. This is to be expected since the chins

are flat a.d ,ould tend to settle in a direction

parallel to the surface of the new substrato.
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CONTRACT SUMARY

A study was made of the effect of crystallite size

on the infrared dispersioa of LIP thin films. The

infraved rastatrahlen refleotanoe and the crystallite

size of evaporated thin films of LI? were found to

Increase with increasing substrate temperature during

evaporation. The ohango In reflectance apieared to be

due to a change In the optical constants of LIP. The

index of refraction of the films was calculated from

reflectance measurements using the Drude disuersion

relation. The data was compared with the theoretical

work of H.B. RosenstocF.

The dependence of crysz&lite size of LiP thin

filmg in the temperature of the substrate during

evaporation was studied. An electron microscope was

used to examine carbon replicas of the film surfaces.

The mean dimension of the crystallites seemed to vary

from 1O00-5000A for 6 micron films deposited at room

temerature to at least 15,OOOA for films evaporated a,

3000 C. It was suggested that tae proli% of film

structure might be further enlightened by the

investigation of chips of LiF films. Such samples

might have the desirable properties of both thin films

and bulk material. Work was begun in this direction.

An explanation of the preferred crystallographic



orientation of thin films deposited on amorphous

substrates was presented. It was concluded that at

high substrate tomperaturos and low rates of evaporation

planes with low surface onergy will be preferred, and at

low substrate Lairipoatures and high rates of

evaporation high surface energy will be preferred.

It was shown that this is in good agreement with

the preferred orientations observed in germanium films.

The survey of infrared reflectance, reststrahlen

in narticular, initiated in the 1961 contract was

continued. Tho follcuin.- table is a cumulative index

of the materials examined In both contracts.

This report was prepared by T.P. Martin, J.D. Masse and
A.F. Turner

Submitted by

A. Francis Turner, Head
Vacuum Coating Research Labs.

Material Research & Development
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